S
urgery for resection of the colon or rectum is traditionally associated with a high risk of complications. 1 Historically, patients undergoing colorectal resection could expect a 20%-25% risk of complications along with the prospect of a postoperative hospital stay of 7-10 days. 2 Recognizing an opportunity for improved care, many institutions have introduced standardized care protocols to decrease postoperative complication rates, reduce length of stay and provide cost-effective care without compromising patient safety. Two such protocols are the enhanced recovery after surgery (ERAS) and the surgical site infection bundle (SSIB). These protocols show promising results in reducing morbidity and length of stay after colorectal procedures. [3] [4] [5] The ERAS pathway is an evidence-based initiative developed to promote rapid recovery and decrease postoperative complication rates. This multimodal intervention was first introduced by Kehlet, 6 in 1990, and is now recognized as the gold standard for perioperative care management in patients undergoing colonic or rectal surgery. 7 The ERAS pathway aims to optimize recovery by modifying physiological and psychological responses to major surgery. 8 Studies evaluating patient outcomes after implementation of ERAS have shown reduced complication rates and length of stay, improvements in cardiopulmonary function, earlier mobilization and return of bowel function, and overall reduction of cost to the health care system. [9] [10] [11] The SSIB is a perioperative quality-improvement initiative that focuses specifically on preventing postoperative wound infections. Surgical site infections are hospital-acquired surgical complications associated with substantial morbidity. They are the most common nosocomial infections in surgical patients. 12 The reported infection rate following colorectal resection is varied but is highest among abdominal surgical procedures. 13 The SSIB consists of evidence-based processes of care to reduce surgical wound infection rates. Prevention of surgical site infections is an important step to reduce rates of morbidity and mortality and costs. [14] [15] [16] Several systematic reviews have shown that ERAS and SSIB pathways can decrease length of stay and rates of perioperative morbidity and surgical site infection. [3] [4] [5] 7, 10 To our knowledge, only 1 study has presented the combined effects of both evidence-based pathways in a single institution, 3 and only 2 studies evaluating standardized care pathways have been conducted in smaller community centres. 17, 18 The purpose of the present study was to examine whether an additive benefit exists with the combination of ERAS and SSIB in itiatives and to report the results from a community hospital.
Methods

Study population and data collection
This was a retrospective cohort study approved by the Interior Health Research Ethics Board. The study was completed at Royal Inland Hospital, a tertiary referral community hospital with 245 acute care beds located in Kamloops, British Columbia. The American College of Surgeons National Surgical Quality Improvement Program (NSQIP) was introduced at our hospital in 2011. We used NSQIP data to identify all patients who underwent colorectal procedures at our site from Apr. 1, 2011, through Dec. 31, 2015. The NSQIP methodology was applied by 2 surgical-clinical reviewers to rigorously collect demographic information, clinical variables and 30-day outcomes for all patients who underwent colorectal resection during the study period. Custom fields were created within the NSQIP workstation to track compliance rates for the perioperative processes within both the ERAS and the SSIB protocol.
The NSQIP system of data sampling has been validated 19 and allows for comparison of risk-adjusted surgical outcomes among all participating hospitals. We used a procedure-targeted NSQIP module to ensure that all relevant cases were captured. Inclusion criteria were based on predefined NSQIP Current Procedural Terminology codes for colorectal resection. Procedures were elective, open or laparoscopic, and included abdominoperineal resection, partial colectomy, total abdominal colectomy with or without proctectomy, proctectomy and low anterior resection. Patients younger than 18 years were excluded as per NSQIP guidelines. In addition, patients who had emergency colorectal procedures were excluded, as the perioperative care pathways could not be applied in the same way to this patient population owing to the expediency of care required. No patients were lost to follow-up. Processes within the quality-improvement initiatives were applied to all eligible patients, at reported compliance rates, as per their cohort, and follow-up data were obtained for all these patients as per the NSQIP protocol.
Perioperative quality-improvement pathways
The SSIB and ERAS interventions were a multidisciplinary effort that required the participation and compliance of surgeons, operating room nurses, anesthesiologists, ward nurses, enterostomal therapists, clinical practice educators, patient care coordinators and other allied health care professionals. Implementation of the perioperative care pathways was a team effort coordinated by a team of up to 15 front-line providers. The SSIB and ERAS elements were selected based on established, evidencebased, best-practice guidelines as reviewed by the local team. [20] [21] [22] [23] [24] [25] [26] [27] Our site participated in Health Authority and provincial ERAS collaboratives, and this also influenced pathway design. Compliance with the components of the perioperative quality-improvement programs was tracked and reported quarterly. The target compliance for each component throughout all study periods was set at 80% for our site. 
Outcome measures
The primary outcome measures included hospital length of stay and wound complications. Secondary outcome measures included death within 30 days, readmission within 30 days, unplanned return to the operating room and various complications captured in the NSQIP database.
Statistical analysis
We compared baseline demographic characteristics, patient characteristics and 30-day postoperative outcome variables between groups using the nonparametric Kruskal-Wallis test for continuous variables (age, body mass index) since the data did not follow a normal distribution, and the χ 2 or Fisher exact test, as appropriate, for categorical variables. We used a propensity score approach to account for baseline differences between groups owing to the nonrandomized design of the study. The propensity score model was developed through a careful approach selecting variables thought to be related to the outcomes. Covariates included age, body mass index, sex, American Society of Anesthesiologists classification, wound classification, laparoscopic procedure, diabetes status and smoking status. We examined the balance of the propensity score across treatment and comparison groups in quintiles using t tests and reported standardized differences remaining in the baseline covariates after reweighting, along with adjusted covariate values. To estimate the average treatment effect of the SSIB and ERAS interventions, we used inverse proportional weighting with weighted comparisons between pre-ERAS/pre-SSIB v. post-ERAS/pre-SSIB, post-ERAS/ pre-SSIB v. post-ERAS/post-SSIB, and pre-ERAS/pre-SSIB v. post-ERAS/post-SSIB. The level of significance for all statistical tests was set at p < 0.05. All analyses were conducted in Stata/SE version 15 (StataCorp).
Results
Patient characteristics
There were 368 patients in this study, 94 in the control group, 95 in the post-SSIB/pre-ERAS group and 179 in the post-SSIB/post-ERAS group. The cohorts were balanced for sex, body mass index, American Society of Anesthesiologists classification, diabetes, chronic obstructive pulmonary disease, smoking status, functional status and preoperative chemotherapy (Table 1) . However, statistically significant differences were observed for median age (control group 73 yr, post-SSIB/pre-ERAS group 68 yr, post-SSIB/post-ERAS group 70 yr, p = 0.049), laparoscopic procedure (80.9%, 91.6% and 93.3%, respectively, p = 0.007) and clean/contaminated wound classification (67.0%, 84.2% and 84.4%, respectively, p = 0.008).
After application of inverse proportional weighting, all baseline patient characteristics used in the propensity score model were balanced in all groups (Table 2) .
Postoperative outcomes
Significant decreases were observed in the unadjusted values for mean length of stay (control group 9.0 d, post-SSIB/pre-ERAS group 6.4 d and post-SSIB/post-ERAS group 5.2 d, p = 0.01) and median length of stay (5 d, 3 d and 3 d, respectively, p < 0.001). There were also significant decreases in the overall rates of wound infection (16.0%, 9.5% and 5.0%, respectively, p = 0.01), superficial surgical site infection (8.5%, 4.2% and 0.6%, respectively, p = 0.001) and urinary tract infection (4.3%, 0.0% and 0.6%, respectively, p = 0.02) ( Table 3) .
After application of inverse proportional weighting, decreases in length of stay and rates of wound complications including superficial and organ space infections and urinary tract infections were observed after implementation of the SSIB pathway; however, only the change in the urinary tract infection rate was statistically significant (p = 0.04) ( Table 4) . Introduction of the ERAS pathway continued to demonstrate similar clinically relevant trends, without statistical significance. Comparison between the control group and the post-SSIB/post-ERAS group showed significant decreases in mean length of stay (7.6 d v. 5.5 d, p = 0.04) and the rate of overall wound complications (14.7% v. 6.5%, p = 0.049) and superficial surgical site infections (8.2% v. 1.8%, p = 0.047). Although not statistically significant, a trend of decreasing organ space surgic al site infection was also observed (7.3% v. 4.7%, p = 0.4).
Perioperative pathway compliance
Target rates of compliance of at least 80% were achieved for 9 of the 18 components of the SSIB, although analysis of trends over time illustrated consistent improvement in compliance. Target rates of compliance were achieved for 11 of the 18 ERAS components (Table 5 ).
discussion
Evidence-based quality-improvement pathways were implemented sequentially in a community hospital to evaluate the impact on outcomes in patients undergoing colorectal surgery. When introduced effectively, these types of quality-improvement initiatives can lead to improvements in patient outcomes. [3] [4] [5] 7, 10 In the unadjusted analyses, the sequential implementation of the ERAS and SSIB initiatives had a significant cumulative impact on overall length of stay and wound complication rates. These findings are consistent with those of the only other study we are aware of in which similar objectives were investigated. 3 In the adjusted analyses, the implementation of SSIB resulted in marginal, nonsignificant reductions in a number of outcomes, including length of stay, superficial surgical site infections, organ space surgical site infections and urinary tract infections. Subsequent implementation of ERAS appears to have supplemented the improvements in the same outcomes shown in the SSIB-alone cohort, with the added benefit of reduced rates of septic shock. Comparison of the pre-and postintervention groups showed that patient length of stay was significantly reduced, and overall wound complication rates were significantly lower. Subgroup analysis showed that the lower wound complication rates were mainly due to reduction of the rates of superficial surgical site infections. Although there was a trend only toward lower urinary tract infection rates, the control group had low rates of this complication, which may have been secondary to previous quality-improvement efforts at our site to address this specific outcome. Similarly, there were no cases of postoperative deep venous thrombosis or pulmonary embolism, and high levels of adherence to prophylaxis, which may have been because of preexisting initiatives to improve compliance with the introduction of order sets for venous thromboembolism prevention. Prolonged postoperative deep vein thrombosis prophylaxis was not routinely used for any of the patient groups. Based on the adjusted outcomes, it appears that the addition of a second standardized protocol, ERAS, provided the most benefit to patients undergoing colorectal surgery. However, there was no cohort in which ERAS was the only quality-improvement initiative implemented. In the only other study that investigated the same initiatives implemented sequentially, ERAS was introduced before SSIB. 3 Results in that study mirror the trend observed in the current study of larger improvements after the introduction of a second quality-improvement initiative. It may be that sustained evidence-based quality-improvement efforts, rather than multiple protocols, lead to greater improvements in patient outcomes. However, our study cannot comment on the effectiveness of either protocol separately.
Although both standardized quality-improvement in itiatives in the present study largely relied on existing quality-improvement infrastructure within our hospital, we recognize that the opportunity cost of implementing these protocols is potentially high. Implementing each protocol consumes finite resources. Future research may help teams decide which quality-improvement initiative to choose to implement to most improve outcomes.
Establishing sustainable quality-improvement projects can be challenging. These multicomponent programs are complex initiatives, and the development of strategies by key stakeholders to address the challenges with each pathway component is crucial. Our community site was able to achieve sustainability by hosting frequent meetings with key stakeholders to reinforce program objectives and ERAS = enhanced recovery after surgery; SD = standard deviation; SSIB = surgical site infection bundle; std. Δ = standard difference.
*Except where noted otherwise. †Values less than 20% indicate negligible differences between groups for a particular covariate. identify areas for improvement. Information was disseminated by widely sharing quarterly reports, displaying posters in visible areas to motivate front-line providers and providing direct, real-time feedback to these providers. Appropriate system changes at each stage of the perioperative journey were introduced to improve compliance and knowledge translation. Finally, the patient must not be forgotten as a vital stakeholder. Engaging patients in their own care leads to greater effectiveness of project implementation. Our site developed initiatives including patient booklets and websites to help patients contribute to the sustainability and success of the quality-improvement initiative.
Limitations
There are several limitations to our study. Although the data were collected prospectively, the retrospective nature of the analysis may have introduced biases and may have led to the inability to collect missing data. The adjusted analyses, in which patient characteristics from the NSQIP database were used, attempted to account for differences in patient characteristics between the cohorts, as was found for wound classification and laparoscopic procedure. We did not expect inherent differences in these characteristics between these successive cohorts. The differences may have been due to the quality-improvement initiatives themselves. With the introduction of SSIB, there was a focus on several variables that may have affected wound classification, including use of a wound protector, isolation technique, efforts to minimize spillage during creation of the anastomosis, standardized use of bowel preparation with oral antibiotic therapy and education to help nurses/surgeons properly determine wound class. Similarly, increasing rates of laparoscopic surgery between the successive cohorts is in keeping with compliance with the 2 protocols' processes. The adjusted outcomes may therefore underestimate the effectiveness of the interventions, and the unadjusted outcomes may be a more useful measure of their effectiveness. However, we acknowledge that there may have been unmeasured confounding variables or other real differences between the cohorts that may have affected our results. Delivery of multicomponent quality-improvement programs has a learning curve. Therefore, sequentially introducing different programs may have led to better compliance with the second intervention as the stakeholders had an implementation strategy developed and the staff were accustomed to delivering complex care plans. Also, as greater attention is paid to relevant processes, documentation may become more accurate over time. This could cause the appearance of differences between cohorts that are not real. Finally, the sample size may have been too small for improvements in some outcomes to reach statistical significance. Foley catheter removed by postoperative day 2 -74 ERAS = enhanced recovery after surgery; NR = not reported (reviewers were unable to collect compliance for these variables); SSIB = surgical site infection bundle.
conclusion
Our findings show that sequential implementation of perioperative care pathways in colorectal surgery can lead to a cumulative improvement in patient outcomes. The absolute benefit attributable to either protocol separately is difficult to define. Unadjusted outcomes improved with sequential implementation of the quality-improvement protocols. Significant improvement in the adjusted primary outcomes of length of stay and wound complication rates was realized after implementation of ERAS. Our results show that community hospitals are able to effectively and successfully implement multiple complex perioperative quality-improvement pathways, with results comparable to those in large academic centres. Integrating these pathways can be resource and time intensive but can lead to substantial benefit for patients in terms of shorter length of stay and decreased morbidity rates.
